Long-range power-law correlations have been reported recently for DNA sequences containing noncoding regions. We address the question of whether such correlations may be a trivial consequence of the known mosaic structure ("patchiness" ) [u(i) = 1]. The displacement of the walker after n steps, y(n), is defined as y(n):-P, "
nucleotides form a mosaic comprised of "patches" (excess of one type of nucleotide) [6 -10] . The possibility that such patchiness is related to the appearance of longrange power-law correlations has been raised by Nee [9] and by Karlin and Brendel [10] . Here we address this possibility by systematically studying distinct forms of mosaic structure.
A useful way of analyzing patchiness arising &om the heterogeneous purine-pyrimidine content is the DNA walk [1] , defined as follows: A one-dimensional walker dictated by the nucleotide sequence takes one step down when there is a purine [u(i) = -1] and one step up when there is a pyrimidine [u(i) = 1]. The displacement of the walker after n steps, y(n), is defined as y(n):-P, "
i u(i), and is displayed on a graph of y vs n as in Fig. 1 [11] .
Figure 1(a) shows a representative DNA walk for a class of artificial "control" sequences generated by stitching together subsequences that correspond to random walks with different nucleotide composition (strand bias) [12] . Figure 1(b) shows a representative DNA walk for a difFerent class of sequences, generated by a model with a well-defined long-range power-law correlation [13] ; the heterogeneous structure of this control sequence arises directly from the long-range correlation itself.
We find apparent patchiness in real DNA sequencesboth in the noncoding and coding regions. Figure 1(c) displays the E. coli K12 genomic fragment (composed of more than 80%%uo coding regions), while Fig. 1(d) shows the human T-cell receptor alpha/delta locus (( 10% coding).
The fundamental di8'erence between the two control sequences is that the first does not possess long-range power-law correlations, while the second does. Therefore ,~a ppropriate scaling analysis of the correlation properties should be able to distinguish between them. In Ref.
[1], a "min-max" method was proposed to take into account the "nucleotide heterogeneity. " A potential drawback of this method is that it requires the investigator to judge how many local maxima and minima of a landscape to utilize in the analysis. Here we present an alternative method -"detmnded fluctuation analysis" (DEA) -that is independent of investigator input and permits the detection of long-range correlations embedded in a patchy landscape [such as Fig. 1(b) ], and also avoids the spurious detection of apparent long-range correlations that are an artifact of patchiness [ Fig. 1(a) ].
The DFA method comprises the following steps.
(1) Divide the entire sequence of length N into N/E nonoverlapping boxes, each containing E nucleotides, and define the "local trend" in each box (proportional to the compositional bias in the box) to be the ordinate of a linear least-squares fit for the DNA walk displacement in that box [14] . {2) Define the "detrended walk, " denoted by yt{n), as the difFerence between the original walk y(n) and the local trend. Calculate the variance about the detrended walk for each box, and calculate the average of these variances over all the boxes of size E, denoted Fdz(E) [15] .
To illustrate the DFA method, we show in Fig. 2 alpha/delta locus, GenBank name: HUMTCRADCV, 97634 bp). Large subregions ("patches") of uniform overall slope ("strand bias" ) re8ect the mosaic structure. To facilitate the comparison of subtle nuctustions, each landscape is plotted so that the end point has the same vertical displacement as the starting point, i.e. , the overall bias has been removed. Fig. 1(a) . In contrast, the genomic sequence containing noncoding regions of Fig. 1(d) has the same exponent (ix )0. 5) as the correlated control sequence of Fig. 1(b) [17] . Figure 3 also demonstrates the fact that the DFA method is capable of identifying the characteristic length scale of the biased subregions of the uncorrelated control sequence of Fig. 1(a) . The arrow indicates the crossover &om n -0.5 to larger o. values occurring at 2500, a value that coincides with the characteristic length scale "built into" the uncorrelated control sequence of Fig. 1(a) [12] . Moreover, the E. coli data also exhibit a crossover at roughly the same value of 8", suggesting the existence of a characteristic patch size in the E coli nucleotide .sequence (probably corresponding to the average length of a protein). We find similar crossover phenomena for other coding sequences. In contrast, no such crossover phenomenon occurs for the correlated control sequence of Fig. 1(b) Fig. 1(d) , corresponding to the existence of correlations at all scales (i.e. , no characteristic patch size).
We also utilize the DFA method to study the complete distribution (normalized histogram), P(yg), of the basic quantity yr(n). One quantitative measurement of this distribution is the standard deviation, E~(E) Figure 4 . shows the histogram for the actual DNA and control sequences in Fig. 1 . The histograms of the coding sequence and uncorrelated control sequence are virtually indistinguishable only when both are rescaled by the correct exponent a = 0.51 [ (Fig. 4(a) ]. Moreover, the histograms of the sequence containing noncoding regions and of the correlated control sequence are virtually indistinguishable only when both are rescaled by the correct exponent a = 0.61 which is appropriate for a correlated sequence [ Fig. 4(b) ]. This finding demonstrates that the exponent a describes the scaling properties of the entire distribution, not just the standard deviation Fg(E).
The DFA method, therefore, allows us to unambiguously differentiate two properties that were previously diKcult to distinguish: (i) the value of o. , which measures the degree of long-range correlation (indicating the absence of a characteristic length scale), and (ii) the approximate value of E",the crossover value, indicating the characteristic length scale of patches. Moreover, these re- value () 0. 5) over several decades -more than 3 decades in the case of the data displayed in Fig. 3 .
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